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The flow •through a perforated wall is investigated 

using a modified form of Tollmien!s solution for a free 

jet.    The results of experiments indicate that this type 

of flow is a w^Trtng phenomenon, and that the Reynolds 

number is of secondary importance. 
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A Cross-sectional area of test section 

b Mixing width 
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m Mass of air 

m« Dimensionless form 

Am Mass of air flowing out holes 

r' Hydraulic radius 

u Velocity in x-dlrection 

OP 
•        of parallel flow 

V •        in y-direction 

% Rectangular coordinates 

°<      Constant 

<*• 
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o Ratio of open area to total area 
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I;' ItODUoTI'JL. 

wail: .1 the test section, it is important to know the mass of air flowing out 

VI.T^ "the holes. 

First, it is assumed that the flow can be treated similarly to that of a 

free .let i.e., the phenomena of mixing occurs., Because some of the air id r» 

strictod by the presence of the perforated walls, certain modifications uave tr 

be maac concerning the amount of mixing that takes place. 

It is known (Ref. 1.) that the rate of increase of the mixing width a is 

M- - ±   u 
dt b °° 

where Jc   is the mixing length and u^ the free stream velocity. *A  i? a con- 

stant in any given case, but has different numerical V£tlue3 in other cas^E. 

This seems to indicate that, although the relation between the velocity u 

and x   which is the disteuiee along the mixing region are unknown p  the moment'im at 

each section must be the came. Thus the momentum M is given by the relat • 

(1) 

2-  Li M = number • ^w^ b Z) 

and substituting in equation (l) 

—7- = number 
at 

• u 

or 

—7—   = number 

on integrating 

db 
da 

dx 

b = number  • x + constant (3) 
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i- mixing ^vn-nt can be written proportional to   V   as 

J0  = cx U) 

ie effect of the presence of the perforated wall? maVes it necessary to 

introduce another constant d   which is the ratio of the open area to the total 

area of the wall. Let us assume that the mi-HTig length *£  shall be proportion- 

al to the open length only and thus we obtain: 

£  = d£0=dC-X (5) 

However, there is no change in the boundary conditions between this case 

and that of an open Jet, since it is assumed that the introduction of perforat- 

ed walls has no effect on the flow at the boundaries* 

The quantity of air flowing out through the holes can then be found by 

app^iring the continuity equation. 

11. THJJOra 

When a parallel stream of air emerges from a wind tunnel of the -per ^et 

type it mixes with the surrounding air. Modification of the amount of nixing 

that occurs can be attained by introducing perforated walls in the test area 

of the wind tunnel. The exact solution for the case of the open jet has been 

found by Y. Tolled en and is shown in some detail in Ref. 1. The solution for 

the perforated walls requires the following modifications: 

1. The mixing length £,  which is proportional to the width b,  is 

written sie cdx,  where o is the constant of proportionality 

and d   is the ratio of the open area to the total area. 
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2.    Thfcr-  is t. new   0(      "r        or  , wh^re   Of,   - C J    31,12*   G<    is 

T
TTOT» • i5Tal to ths minuo 2/~*.   ->-v" of the wUc..     length* 

i'ie quant.icy   '/   which is pi-rortionai to    y/b    remains ? - y/x. 

Using Llie solution 

•F= C, e *?+ q e«#«f7<Cjtt *.». JS. «?       (6) 

if the differential equation 

__ II 9  _ n _ ««     _ 
FF + C*F r = o, (7) 

whioh satisfies tha same boundary conditions as for free flow, namely^ 

1. u • UTO and    v = 0    at the boondary between the mixing zone and 

the flow in the test area, and   -r— = 0    because of the continuous 

transition of velocity profiles.    If the boundary is denoted by    y,s 

the conditions are expressed  F(h\~ /    r fh)=ft    cun^i   ,    (^t/~ Q, 
du. 

2. u = 0    and —— « 0    at the boundary of the mixing zone and undisturbed 

air*    These conditions can be denoted by  A ,  so   F(?7tJ
s 0 and       ity.) ~ 

The solutions for the five unknowns    C-^ C2, C?,^ and   ^2    oi* *J -    ' >-    ^) 

have been calculated and the values found to be 

rf C-j^ =•• -0.0165 

o( C2 =   0.1374 

oCC^ »   0.6918 

3^*   0.931 

°^2 - -2o04 

where   <*„• 11.8. 
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nptivrtfrs \- +h*> basic A<   aaptioD thar    u * ^(jO    wiwre   f(?:     .arie* 

f*i -J seero it. -.rLuisturbed <»lr to the va.: v? one in the undisturbed parallel stream, 

islng  :hfo conditions oi" continuity and introducing a str.-'u!' function, the veloci- 

es   u   and   v   vere found as 

^ follows directly from the continuity equ&Mon that the mass of air ZV       low- 

ing out of the holes is 

A•=  *J     ffUoo- fu.)cif (8) 

on integrating &m = xfU^   (fi    - /"A ) + F(o)) 

and F(hj = /> 

so Am  = XfUoo   FfoJ 

Am =   0/209 xfUoo^L2/5 

Reducing this result to dimensionless form, the equation becomes 

~    X hn 

thus mf =» 0.1209 ~-• - 0.01023 d '* (9) 

is tha mass leaving an area of perforated wall equal t., the tunnel cross 

sectional area divided by the mass going through the tunnel. 

Also the mass flow can be calculated fo? the case where the perforated 

walls have a certain divergence. The amount of divergence is denoted - ft,. 

U 
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" iii eonat-'.or 

<•'•••• ' v'f*-d} -/*/*** h 
(10) 

•*..* 
(u) 

.no na*s -lr leaving i, 

-¥• 

iu expressing in terms of 7) 

The boundary conditions retcdn the sane a.3 f'i\." the solution without divergence. 

V ing the condition F(^} ) = ^} equation (U) becomes 

Reducing this, to dimensionless form 

*>'    -   £.'    *•L    =     F~ffc) 

and   uf>i  = ,y / ;.,. , 112) «"»' = of ^3/ 

This result is shown in Fig. i. 

III. EXPERIMENTAL INVESTIGATION 

A, Apparatus 

/. "Mill wind tunnel operating at a constant velocity of 21.7 meters/ 

second vas used tc obtain the data for this report. Twu parallel walls 

formed the test section, which had a cross-3ection of A*  x 8n. One side 

was open to give atmospheric conditions at the boundary. The fourth side 

provided a test area of 4-" x 14" to which the perforated walls were attached. 

The boundary layer was removed as the flow emerged from th? nozzle, 
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\ I<«^bz water aciaccieter gave absolute- press* *.= neasu.r".2«9..it * •/•*.,, aria 

0.2   '•* c-f  v-iber.    The vel-idty profiJ?'* vere ~bt>aned ur*ng a S"*.- 'le total 

hcid probe fic^tteiiod to lead a mrnxnu   0.015 inenkz  ~rom the vail.    A ULI — 

crometer head was used *c measure the distances from the vail into" the 

velocity stream.    Static pressure readxugs were mad>- with a probe  located 

at the centerline of the tunnel at eacb station. 

Bo    Investigation for Porous Walls 

1.    Procedure 

Pressure measurements were made for the open jet arrangement 

of the tunnel at stations three, six, nine,  \nd twelve inches along 

the wall. This was done to compare the constant 0(o of this setup 

with the value given in Ref. 1. 

Perforated walls were fitted on the test area and pressure 

measurements and velocity proiiles made for the same station? 

along the wall. The characteristics of the perforated wall; va •* 

Wall 
dia. of hole 

(inches) Holes/is ' d OL 
arrangement 

:•.- hole? 

A .057 108 .276 25.35 hexagonal 

B .057 144 .367 21.49 square 

C .045 165 .260 27.02 hexagonal 

D .045 225 .370 21.37 square 

E .023 420 .196 32.65 rexagonal 

F .023 576 .250 27.,74 square 
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2. "'tsst Results 

In the oa.se of the open Jet it was necessary to compare 0(o 

for the particular arrangement with the known value. This was done 

in Fig. 2 where the correction has been Bade. For the results ob- 

tained Qf0 was reduced to 11.0 so the maximum number of points would 

fall close to the previous result. 

In Figs, i through 3 velocity profiles for the six differ:.::; per- 

forated walls are shown. Using these profiles the mass of air leaving 

through the holes was determined by 

a• = /"oo d J   ('- TiJ cty 

or changing to dimensionlesa form 

where m   = — .   ^yr^i      h' -  £ = A 

and ^ =fu00A 

(13) 

then *'-f('-L)? 
and <Xm' =  (K/ 0- ^o)^

L- (y>) 

The values of m1 for the different perforated walls at lengths x are 

fall X 3" 6" 9" 12» 

A tfm1 .2931 .167-; .1510 .1505 

B <*m' .2835 .2248 .2197 .2435 

C o(m' .3025 .1928 .1501 .1270 

D c(m- .2908 .2264 .2042 .1901 

E c<mf .2785 .1480 .1016 .0849 

F c<m' .3U3 .1627 

7 
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The BO recruits are shown in Fig. 9* 

No measurements were made for the case cf divergence, but the 

theoretical results are shown. 

IV. CONCLUSIONS 

"he experimental results obtained for flow through perforated wall* is in 

agreement with tht original assumption - that this type of flow is a mixing 

phenomena. This is indicated in Fig. 9 where it is seen that the values of C<m' 

at stations along the wall approach the theoretical value farther downstream. 

There are also two indications that this phenomena is independent of the 

size of the tunnel, since the Reynolds number influence is negligible. The 

first is shown in the results plotted in Fig. 2 where, for flow £roc an oper 

jrt, the value of the coefficient 0(o is the same as for the resulta of the 

Gottingen tunnel as given in Ref. 1. By comparing the increase in the displace- 

ment thickness for particular perforated walls with results obtained by otiar 

persons conducting similar experiments (Ref. 2), it is seen that good •-..'.-. rient 

is obtained. In this comparison the difference in Reynolds number wa; ^ .it.a 

large, but the influence was negligible* 

Thus, in conclusion one may state that the flow through perforate! walls 

should be treated as a mixing process and that the Reynolds number is of sec- 

ondary importance. 
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